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Abstract 
The commercialization of high temperature superconductors (HTS) in the near future becomes the focal 
topic nowadays. Consequently, larger cooling capacity cryocoolers are in urgent need to support such technology. 
Considering the inhomogeneous gas flow and temperature distribution in regenerator caused by the enlargement in 
diameters, the pulse tube cryocooler (PTC), although providing high reliability and high efficiency, has encountered a 
bottleneck to further increase its cooling capacity. This paper designs a new system composed of three parallel 
identical cold fingers driven by an opposed linear compressor. Experimental results have shown that each of the three 
PTCs has good consistency, performing as well as the situation when working separately. With charge pressure of 
2.5MPa and working frequency of 54Hz, the three cold fingers reached the minimum temperature of 36.5K, 37.3K 
and 36.3K respectively, and obtained total cooling capacity of 230W at liquid nitrogen temperature with the system 
overall relative Carnot efficiency reaching 13.2%. It successfully avoided the problems coming out in the traditional 
large capacity PTCs and will have hopeful prospects when applied to the occasion of large cooling capacity. 
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1. Introduction 
The practical applications of high-temperature superconducting (HTS) technology in the field of 
generators, motors, cables and so on have progressed so rapidly, that larger cooling capacity cryocoolers 
are in urgent need to support such technology [1, 2]. However, due to the oil-lubricated compressor and 
the rotatory valves, the GM refrigerator, although currently a popular choice for HTS applications, needs 
regular maintenance and be of difficulty to improve the efficiency. With no moving component, more 
compact structure, more reliable operation and high potential efficiency, The PTC, with no friction, more 
compact structure and high potential efficiency, undoubtedly becomes a perfect replacement of GM 
refrigerator. 
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But the inhomogeneous gas flow and temperature distribution in regenerator and cold head caused by 
the enlargement in diameters constrain the PTC to further increase its refrigerating capacity.  There are 
many reasons to cause such inhomogeneity, for example, changes in cross-sectional area, Rayleigh flow 
occurred near the wall, circumfluence caused by resistance [3, 4]. Researchers have tried variety of 
methods to solve the problem, but the effect is not obvious so far. The maximum cooling capacity of a 
single PTC system having been ever reported is about 1kW. Besides, the efficiency of large capacity 
PTCs is generally not very high, which is mostly below 15%. Only the one designed by Praxair has 
acquired refrigerating capacity of 300W at 80K with efficiency up to 19% [5-8].  
Against this backdrop, this paper proposes a new refrigerating system constituting of  three same 
parallel PTCs driven by a single opposed linear compressor. Experiments have been done to verify the 
feasibility of such a structure, and satisfying results were obtained. 
2. Experimental system 
The schematic diagram of three parallel PTCs driven by a single opposed linear compressor is shown 
in Figure 1. The three PTCs are arranged symmetrically and have the identical structure to ensure the 
uniform flow of gas in each of them. 

Fig. 1. The schematic diagram of the refrigerating system 
The parameters of the linear motor and PTC are shown in table 1 and table 2. The model number of the 
linear motor is 2S241W designed by CFIC. The PTC is consist of primary water cooler, regenerator, cold 
head, pulse tube, secondary water cooler, inertance tube and reservoir. Circulating cooling water of 293 K 
is used to cool down the primary and secondary water cooler. The temperature of the cold head is 
measured by a calibrated platinum resistance thermometer with an accuracy of ± 0.1 K. Constantan wire 
heated by direct current is twined around the cold head to simulate thermal load. The acoustic power 
delived to the PTCs can be calculated form the pressure obtained by the pressure sensors equipped at the 
front and back cavities of the linear compressor. The input electric power can be figured out from the 
current and vlotage of the compresor. 
Before the experiments, the three PTCs were connected to the compressor individually to test the 
difference of the three PTCs in cooling performance. With the average pressure of 2.5Mpa , operating 
frequency of 55Hzˈit achieved the  minimum temperature of 42.8K, 44.8K, 42.2K and the cooling 
capacity of 112.6W, 110.7W and 109.6W respectively. Experiment results show that there only exist the 
discrepancy of 2.6K at the minimum teperature and 3W difference of refrigerating capacity at the 
temperature of 77K, therefore the inconformity of the three PTCs can be neglected. 
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Table 1. The parameter of linear motor                                       Table 2. The parameter of PTC 
Parameter Value 
Diameter of piston 152.6mmI  
BL number 102.7 T m  
Coil resistance 1.06:  
Movable mass 6.24 kg  
Mechanical damping 66 /N s m  
Stiffness coefficient 52.394 10 /N mu  
Maximum operating current 40A 
Maximum output power 5000W 
Maximum piston displacement 20mm 
3. Experiment result 
Initially, the system was filled with 2MPa pressure or the paralleled configuration. 50Hz was chosen as 
the working frequency after careful experimental optimization. Figure 2 shows the temperature drop 
curves of the three cold heads. The temperature drops are almost coincided, indicating that the three PTCs 
had the exactly the same working state. When the cooling temperature became stable, the cryocoolers 
reached the minimum temperature of 36.5K, 37.3K and 36.3K respectively. When cold head was heated 
to 77 K by the constantan wires, the heating power were 69.2W, 69.8W and 67W, respectively, 
corresponding to an overall Carnot efficiency of 14.5%. 
The performance at different charging pressure was also tested. Because the PTC impedance and gas 
spring vary a lot with the charging pressure, the frequency must be swept to find the best match for the 
refrigerator with the linear compressor. Figure 3 presents the system performance with different charging 
pressure, where the frequency was optimized. The best corresponding frequency for charging pressure of 
17Bar, 20Bar, 25Bar and 30Bar is 50Hz, 50Hz, 54Hz and 57Hz respectively. The maximum refrigerating 
capacity of 230W was achieved under the condition of 25Bar charging pressure and 54Hz working 
frequency, and the relative Carnot efficiency of the PTCs and total relative Carnot efficiency are 18.6% 
and 13.2% each, which is not inferior even compared with the level of large capacity cryocooler around 
the world.  Because of the limitation of the linear motors’ allowable current and piston displacement, it 
couldn’t reach the pressure ratio over 1.3 and the cooling capacity over 100W each as the test shows 
before is hardly to arrive.  
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Fig. 2. Temperature drop curves of the three cold heads        Fig. 3. Performance of the system under different charging pressure 
Parameter Value 
Primary water cooler Ф50mm×L40mmˈPlate width 0.4mm 
Regenerator Ф50mm×L65mmˈWire diameter 0.018mm 
Cold head Ф50mm×18mmˈPlate width 0.2mm 
Pulse Tube Ф32mm×L105mm 
Secondary water cooler Ф32mm×L13mmˈWire diameter 0.15mm 
Inertance tube Ф7mm×L2.3m 
Reservoir 1L 
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To understand the property of this new system more clearly, we have set up a group of control 
experiments that applying the same linear compressor to drive one of the three PTCs (chosen randomly) 
solely and the measuring method adopting is exactly the same as before. The rigid condition in these 
control trials is the pressure ratio at the entrance of PTCs and the working frequency being fixed the 
same. The experiment results are presented in table 3, which demonstrated that under the same working 
condition within the permission scope of the linear motors, each of the three PTCs when working 
parallelly could produce comparable refrigerating capacity and efficiency with what a PTC does when 
working solely, demonstrating the feasibility of this innovative scheme and provides another solution to 
realize large cooling capacity applied to HTS region. 
Table 3. Comparison of the performance of two different structures 
Pressure ratio 1.2 1.25 
Experimental structure Working parallelly Working solely Working parallelly Working solely 
Cooling capacity 40W each 41.8W 60W each 62.5W 
Efficiency of the system 16.4% 17.1% 15.0% 16.6% 
Conclusion 
This paper designed a refrigerating system composed of three identical parallel PTCs driven by an 
opposed linear compressor. The experiment results show the three PTCs possess relatively good 
consistency and each of them has comparable performance compared with a PTC working solely under 
the same working condition. The three cryocoolers could achieve the minimum temperature of 35.8Kǃ
36.0Kǃ36.08K respectively and under the condition of charging pressure of 2.5Mpa and working 
frequency of 54Hz it could produce total refrigerating capacity of 230W at 77K with the general system 
efficiency of 13.2%. This configuration provides a good alternative to achieve more refrigerating capacity.  
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